SUMMARY A new procedure to test colour discrimination in the parafoveal field is described. This method was used on 25 healthy controls and 25 subjects having a definite clinical or laboratorysupported diagnosis of multiple sclerosis, with or without a previous history of optic neuritis. The test proved to be sensitive in detecting visual dysfunction even in some patients in whom the standard technique of pattern-reversal evoked potential recordings yielded a normal result. Material and methods Apparatus A four channel tachistoscope (Gerbrands Model T4A) was employed to test patients and normal controls. The apparatus consisted of a four-field exposure cabinet supplied with special chrome plated mirrors, which allow the presentation of stimuli either simultaneously or according to a fixed sequence. Each field is lit by two 4 watt flourescent lamps, whose intensity can be adjusted by means of a lamp driver by approximately I log unit per field. The lamps are turned on by a series of six timers and by a logic interface, which allows time intervals to be set to the nearest millisecond and provides the desired sequence of field exposures. Procedure Subjects were tested in a semi-darkened room and were first asked to sit with their eyes closed for five minutes. In this manner the same baseline viewing conditions were established for all subjects. Each eye was tested separately. Patients sat in front of the tachistoscope and rested their face on a binocular viewer-mask, through which they could view the inside of the exposure cabinet. Spectacles were worn if appropriate, and the eye not being tested was occluded.
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The diagnosis of multiple sclerosis is still clinical and depends on the demonstration of objective signs of lesions at two or more distinct sites in the white matter of the central nervous system in patients with a compatible history and in whom there is no satisfactory alternative explanation.'
The visual system is particularly vulnerable to demyelination in the course of multiple sclerosis. The incidence of optic neuropathy has approached 100% in the reported necropsy series,2 even in absence of any visual complaint during life.3 The likelihood of subclinical optic neuropathy is therefore high in multiple sclerosis patients and the ability to detect it may help to improve diagnostic accuracy.
Many different procedures can reveal subtle defects in the function of the optic nerve even in patients whose visual acuity and standard perimetry are normal. The most sensitive techniques, among the psychophysical ones, are those examining temporal resolution of visual stimuli, that is double light-flash discrimination4'5 and flicker fusion thresholds,6 -8 delay in visual perception9 10 and colour discrimination. 11 -14
In this paper we describe a procedure which evaluates colour discrimination in the parafoveal field and utilises an experimental apparatus often found in neuropsychological laboratories.
Material and methods

Apparatus
A four channel tachistoscope (Gerbrands Model T4A) was employed to test patients and normal controls. The apparatus consisted of a four-field exposure cabinet supplied with special chrome plated mirrors, which allow the presentation of stimuli either simultaneously or according to a fixed sequence. Each field is lit by two 4 watt flourescent lamps, whose intensity can be adjusted by means of a lamp driver by approximately I log unit per field. The lamps are turned on by a series of six timers and by a logic interface, which allows time intervals to be set to the nearest millisecond and provides the desired sequence of field exposures. Procedure Subjects were tested in a semi-darkened room and were first asked to sit with their eyes closed for five minutes. In this manner the same baseline viewing conditions were established for all subjects. Each eye was tested separately. Patients sat in front of the tachistoscope and rested their face on a binocular viewer-mask, through which they could view the inside of the exposure cabinet. Spectacles were worn if appropriate, and the eye not being tested was occluded.
Before the exposure thresholds being examined, subjects were asked to adjust the luminance of a red rectangle so that it appeared the same as that of an adjacent green rectangle, whose luminance was set at 2 73 cd/m2. For this purpose two channels of the tachistoscope were used, one for the red and one for the green rectangle. The two rectangles were juxtaposed on the vertical meridian. Each of them subtended a visual angle of 10°horizontal and 6°37' vertical.
In order to evaluate exposure thresholds, eight red dots, each subtending a 23'36" visual angle, were then presented on a green background, one at a time, at increasing exposure durations. Not to provide any cue from an increase of luminance, for each red dot a green background was prepared 400 Exposure times in multiple sclerosis patients with a black hole that was perfectly collimated with the dot. In this way, by simultaneously presenting the stimulus and the background, the red dot occluded the background. The luminance of dots and background was the same previously set by the subject himself for the two rectangles, so that dot detection could not be helped by cues other than colour contrast. In this way the characteristics of eight retinal sites were examined in each eye of every subject. All these sites were 2" eccentric: two of them were on the horizontal meridian, one in the upper and one in the lower field, and four were at 45" orientation to the horizontal meridian in each quadrant. Stimuli were presented to one or to the other eye according to a random sequence, which was repeated in all of the subjects.
Subjects were asked to fix the gap at the centre of a cross that was exposed on the third channel of the tachistoscope, and to show they had seen the brief exposure of a red dot by saying where it appeared with respect to the fixed centre. After a few warm-up trials, each dot was presented at increasing exposure times, starting from 10 ms. Exposure times were incremented by steps of 2 ms to the limit of 100 ms, by steps of 5 ms to the limit of 200 ms, by steps of 10 ms to the limit of 1000 ms and by steps of 100 ms beyond this limit. Exposure thresholds were therefore obtained by the method of ascending limit for eight retinal sites in each eye.
Controls
The control group consisted of 25 healthy volunteers, 16
female and nine male, whose age ranged from 20 to 56 years with a mean of 34 years. None of them had had visual complaints, all of them denied ever having noticed problems in discriminating colours. All had 20/20 acuity (corrected as needed) and normal neuro-ophthalmologic examination. Figure 2 shows the mean exposure thresholds for each eye in the control group and in ON + and ONpatients. From this figure it is evident that severely defective performances on the task of detecting briefly exposed dots were not limited to patients who had previously suffered visual symptoms, but also occurred with multiple sclerosis patients who had no positive history of optic neuritis. In fact only one out of the eight ON + patients was found to have exposure thresholds within the normal range in the affected eye, while five of them also showed abnormally long thresholds in the eye where they did not report any previous visual loss. Furthermore nine out 5000- In one patient, whose exposure thresholds were delayed at three sites in one eye (82, 90 and 220ms), VEPs were found to be normal under standard conditions, but when VEP recording was repeated after exposure to high luminance levels for 5 minutes, the latency of the major positive component turned out to have a biphasic shape. This effect had been previously reported in some multiple sclerosis patients with or without a positive history of optic neuropathy and interpreted'6 as an indirect evidence of "islands" of demyelination showing a "visual-fatigue effect" which had been repeatedly revealed with lesions of the optic nerve.17 18 It is likely that the localised delay of exposure thresholds in this patient reflected the same mechanism and that in such cases the evaluation of exposure thresholds might prove to be a more sensitive method than VEP recording under standard conditions. The minimal exposure time for perceiving of a stimulus, which contrasted with the background only for colour, was found to be a sensitive method -for testing visual dysfunctions in multiple sclerosis patients. This was probably not only due to their colour discrimination deficits, but also to the fact that exposure time was influenced by the delay in visual perception, which has been repeatedly claimed to be a peculiar visual defect in these patients.10 [29] [30] [31] There is no doubt that the procedure adopted requires good cooperation from patients, but this did not prove to be a problem in the majority of cases. The experimental apparatus used was not built specifically for the purpose of this test, a fact which made the procedure a little time consuming in some instances. A device purpose-built for this test would probably render it simpler and more easy to use in clinical practice.
